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(54) Abstract Title 

Filler material for a wire wound electronic component 

(57) An electronic component comprises a conductive 
wire coil 22 encapsulated in a resin 64 containing a 
powder of highly thermal conductive material 60. The 
thermal conductive material 60 may be a metallic or an 
inorganic materiaL Ferrite material may also be added to 
the resin to provide magnetic shielding. The ferrite 
material may be added such that the encapsulating resin 
22 and a coil bobbin 10 have a similar thernrial expansion 
coefficient. Alternative arrangements disclosed include: a 
filler material which has had a surface 62 treated such that 
it is hydrophobic; a multi-layer formation of encapsulating 
resin with and without ferrite filler material or with 
different levels of ferrite filler material or a sealing resin 
containing a relaxation material. Also disclosed is a 
method of manufacturing an electronic component 
comprising winding a conductor around a bobbin, 
encapsulating the wound coil in a thermoplastic resin, 
then placing the component In a magnetic powder 
followed by the application of heat and vibration. Further 
disclosed is a filler material composed of burnt and 
pulverised ferrite forming metal oxide materials. 
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■ SPECIFICATION ■ 

• Title of the Invention 

FILLER MATERIAL FOR A WIRE WOUND ELECTRONIC COMPONENT 

• Field of the Art 

The present invention relates to an inductor, transformer, choke coil, common 
mode choke coil or similar wire wound electronic component, 

• Background Art 

A wire wound electronic component has a structure as shown in FIG. 14(A). 
In this FIG. 14(A), at both" ends of the core lO, whereon a wire is wound and whose 
shape is a column having a circle (oval, rectangular or similar shape) cross-section, 
has flanges 12 and 14 having a prism shape (or a . plank shape with a rectangular 
cross-section) are formed. The core 10 and the flanges 12 and 14, ail of which are 
made of magnetic materials, e.g., ferrite, form a coil bobbin 16. • Electrodes 18 and 
20 are formed on each side and end surfaces of the flanges 12 and 14 respectively. 

The conductor 22 is wound on the core 10 formed at the central portion of the 
coil bobbin 16. The lead wires 24 and 26 at both ends of the conductor 22 are 
connected to the electrodes 18 and 20 respectively at each of side surfaces of the 
flanges 12 and 14. A concave portion formed between flanges 12 and 14 is coated 
with a sealing resin 28 to cover the conductor 22. The electrodes 18 and 20 
whereto the lead wires 24 and 26 are respectively connected are applied with plates 
30 and 32 respectively. / 

The above sealing resin 28 is made of, e.g., epoxy resin wherein ferrite powder 
is mixed as disclosed in Japanese Patent Laid-Open Publication No. 63-236305. 
Main components of the ferrite powder to be used for this purpose are. e.g.. iron 
oxide, nickel oxide, zinc oxide, and copper oxide. Addition of the ferrite powder 
improves the magnetic shielding effect of the sealing resin 28 as shown by the 
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dotted lines in FIG 14. because it will allow a nnagnetic flux 34 to easily pass through 
inside the sealing resin 28. It will also enable to reduce magnetic effects exerted 
on the adjacent components, and improve the inductance of a wire wound electronic 
component. 

When an electric current is passed through the conductor 22 of a wire wound 
electronic component having a structure described above, it generates heat. 
Ferrite used in the coil bobbin 16 and ferrite powder used as a filler for the sealing 
resin 28 changes the magnetic permeability {^ ) thereof which shows the magnetic 
characteristics, along with its thermal changes. Accordingly, similar to other 
ordinary electronic cornponents, it requires good thermal radiation. In terms of 
mounting, it requires a good countermeasure to prevent generation of static 
electricity for preventing the components fPbm sticking to each other. 

In addition, when there is not a close contact between the coil bobbin 16 and 
the sealing resin 28, as shown by the arrow FA in FIG. 14, water will enter into cracks 
of the component from the joint portion of the flange 1 2 (or 14) with the sealing resin 
28. thereby reliability of the component will be deteriorated. The cracks will also 
cut the current of the magnetic flux 34 at the above joint portion, thereby the 
magnetic shielding effect and inductance will be lowered. If there is a pinhole 36 in 
the sealing resin 28. water will also enter inside the component as shown by the 
arrow FB. 

If ferrite content is raised to increase the inductance, fine ferrite powder 
particles 38 may be strung from the surface of the sealing resin 28 to the coil bobbin 
16 or the conductor 22. In this case, water might also enter into the component 
along with the surface of the strung fine ferrite powder particles 38 as shown by the 
arrow FC. The same thing might happen when the surface of the fine ferrite powder 
particles 38 do not have wettability towards the resin materials. 



3 

Ferrite powders filled into the sealing resin 28 are made by burning generally at 
high temperature over 1000°C. Accordingly, the sintered ferrite substance 
becomes hard due to strong cohesion between the particles, and the size of the 
ferrite powder particles made by pulverization of the above ferrite substance might 
easily be varied. When those ferrite powder particles with uneven sizes are mixed 
into the above mentioned sealing resin for using an wire wound electronic 
component, it will suffer from several problems. I.e., deterioration of applicability of 
the sealing resin, unstable magnetic characteristic in the portion of the sealing resin, 
or similar problem. !n other words, this would change the m.agnetic permeability in 
the portion of the sealing resin, thereby each component inductance would be 
changed. In addition, because a high internal stress will change inductance along 
with the change of magnetic permeability of the coil bobbin . as well as it would 
cause a damage of the coil bobbin, a bre^ of the conductor or similar problem, 
relaxation of the internal stress might be desirable. 

Filling ferrite powder into the resin will raise the viscosity of a sealing resin as 
a whole. When a sealing resin^ of high viscosity is used for coating and forming, the 
sealing resin will have less applicability than a sealing resin of low viscosity, and it 
will also requires high forming pressure. This high forming pressure accordingly 
exerts large stress on the coil bobbin 16 and conductor 22. This might cause a 
crack at. e.g.. the joint portion of the flanges 12 and 14 with the core 10 because the 
portion is more vulnerable, or might cause a break of the conductor 22. 

In addition, changes of stress will change the inductance. On one hand, this 
may cause deterioration of the component quality due to uneven quality, on the 
other hand, this may cause less manufacturing efficiency to produce the 
components with even quality. 

The present invention, paying attention to the points stated above, has 
objectives to improve the thermal radiation, resistance against water and static 
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electricity, and have better reliability of a wire wound electronic component. 

Another objective is to obtain a sealing resin with stable magnetic 
characteristics and low internal stress by controlling the size of ferrite powder 
particles as a filler, as well as to retain good magnetic shielding effect. 

In addition, another objective is to have efficient productivity of a wire wound 
electronic component with good quality by controlling change of inductance 
attributed to change of stress, as well as to protect a coil bobbin and wire by 
relieving stresses. 



• Disclosure of the Invention 

A first aspect of the present invaition provides for the addition of povder of high 
hhPTTOl conductive rmt;f^riaT into the above rsSuLn xn a wire wound g1.ectro.Tic couponsnt 
\Jhosa conductor wound on the coil bobbin is sealed with a resin material. Another aspect 

of the present invention, applicable to a wire wound electronic canponmt \Jhose conductor 
wound on the coil bobbin is sealed with a resin material. Including additives and provides for 
a Itydrophobic surface treatanent to be applied to the above additives. Another aspect of the 

present invention applicable Go a wire wound electronic component \Jhose conductor is sealed with 
a sealing resin provides for a multi— layer structure of the above resin conprising an ordinary 
resin and a ferxite-inixed resin. In addition, another aspect of the present invention 
provides for relajxation naterial to be added to at least one of a coil bobbin and^ a sealing 

resin. 



A further aspect of the invention provides a method of producing a wire wound electronic 
conponent comprising the steps of winding a conductor around a 

coil bobbin: applying a thermosetting resin or a thermoplastic resin on the coil bobbin 
after the wire-winding step: application of heat and vibration to a block after 
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application of the resin and placing thereof into magnetic powders. A filler to the 

sealing resin for use in a wire wound electronic component of the present 
invention may be produced by pulverizing the mixture whose main ingredients 
are FejOj, NiO, ZnO, CuO after burning thereof. 

Many other features, advantages and additional objects of the present 
invention will become manifest to. those versed in the art upon making reference to 
the detailed description which follows and the accompanying sheet of drawings. 
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• Brief Description of the Drawings 

FIG. 1 shows states of additives in the embodiment 1 of the present invention. 

FIG. 2 shows a state of a portion of the sealing resin in the embodiment 3 of 
the present invention, 

FIG. 3 shows a state of a portion of the sealing resin in the embodiment 4 of 
the present invention. 

FIG. 4 shows states of a portion of the sealing resin in the embodiment 5 of the 
present invention. 

FIG. 5 shows a main manufacturing process of a wire wound electronic 
component in the embodiment 6 of the present invention. 

FIG. 6 shows shapes of a core block, and a coil bobbin for use in an inductance device. 

FIG. 7 shows a manufacturing process of the embodiment 8 of the present 
invention. ^ 

FIG. 8 shows vertical sections of the component provided . in a main 
manufacturing process of the foregoing embodiment 8. 

FIG. 9 shows vertical sections of the component provided in a main 
manufacturing process of the embodiment 9 of the present invention. 

FIG. 10 shows vertical sections of the component provided in a main 
manufacturing process of the embodiment 10 of the present invention; 

FIG. 11 shows a main manufacturing process of the embodiment 11 of the 
present invention: 

FIG. 12 shows a vertical section of a component provided in the embodiment 
1 2 of the present invention. 

FIG. 13 shows a composition of a sealing resin provided in the embodiment 13 
of the present invention. 

FIG. 14 shows a basic structure of an example of a wire wound electronic 
component and a state of a portion of the sealing resin thereof. 
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While the present invention is practicable in various modes, an adequate 
number of embodiments thereof will be shown and described in detail. 

(1) Embodiment 1 

•Embodiment 1 of the present invention is to improve reliability of a wire wound 
electronic component by cutting back generation of static electricity as well as to 
improve thermal conductivity thereof as shown in FIG. 1. The composition thereof 
is either of the following: 

a. Powder of either one or both of an inorganic material or a metallic material 
which are more thermal conductive than a resin is added to the resin as filler, (See 
FIG. 1(A)- (C)). 

b. Mixture of powder of either or t^oth of the above inorganic material or 
metallic material, and ferrite powder for magnetic shielding is added to the resin as 
filler. (See FIG. 1(D) - (F)). 

Using a sealing resin wherein the above mentioned high.thermal conductive 
materials are added will allow a wire , wound component to have a better heat 
radiation because heat generated inside the component by passing a current will be 
effectively released outside the component through the high thermal conductive 
material. Especially when metallic powder is used as an additive to the resin, it also 
prevents from, bearing electrical charges and restrains generation of static 
electricity. This will also allow an improved mounting of components because the 
components will no longer adhere to each other upon installing. Some of the high 
thermal conductive materials mixed into the resin could change magnetic 
permeability of the sealing resin, which will finally change inductance of the 
component. Accordingly, controlling the mixture ratio of high thermal conductive 
materials will allow inductance of the component to be desirably adjusted. 

Next, in an example of the embodiment 1, thermosetting resin, thermoplastic 
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resin or similar materials are used as a resin. Epoxy resin is a favorable material. 
For inorganic materials with high thermal conductivity, ferrite. aluminum nitride, 
diamond or similar material are used. Because metallic materials are. in general, 
highly thermal conductive, all of them are applicable for the purpose. 

For example in FIG. 1(A). 10wt% of resin is mixed with 90wt% of high thermal 
conductive inorganic material. The reason for giving the above mixture ratio is that 
though mixing as large ratio of high thermal conductive inorganic material as possible 
is more effective, the resin will have less reinforcing effect along with raise of the 
mixture ratio of high thermal conductive material. Given those conditions, at least 
C 1 0wt% of resin needs to be mixed. FIG. 1 (B) - (F) shows examples of weight mixture 

ratio of the materials. 

In terms of particle size of the high thermal conductive material, too small- 
sized particle does not contribute to improvement of thermal conductivity. On the 
contrary, too large-sized particle might deteriorate applicability of the resin, make 
the surface of the sealing resin uneven, or cause uneven quality. Taken these 
conditions into account, in FIG, 1(A), for example, appropriate particle size may 
range from 1 to 1 00 m. and an appropriate average size of particles may be 10/i m. 
Tine same thing can be said for FIG. 1(B) - (F). 

In addition, in the cases of FIG. 1(D) - (F). a ferrite material for magnetic 
shielding is filled into the sealing resin. Mixture ratio and particle size of the ferrite 
and the high thermal conductive material should be decided by the balance between 
magnetic' shielding effect provided by the ferrite and heat radiation effect provided 
by the high thermal conductive material (which contributes to improving reliability). 
Especially when the ferrite is used as a* high thermal conductive inorganic material, if 
particle size distribution ranges 1 to 100 /Lt m. Fme-grained particles will move and 
the internal stress of the component will be released when the mixed sealing resin is 
hardening. 
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(2) Embodiment 2 

The embodiment 2 is an improved mode of the background art to have better 
reliability in terms of keeping close contact of the coil bobbin with the sealing resin. 
As shown by the arrow FA in FIG. 14(B). if the coil bobbin 16 does not keep close 
contact with the sealing resin 28. water may enter into the component from the 
crack between them, which will end up with deteriorating the water-proofness 
thereof. In the embodiment 2, the thermal expansion coefficient (or the thermal 
expansion modulus) of the sealing resin is adjusted by increasing or decreasing of 
the amount of the ferrite powder for magnetic shielding, or by adopting an 
appropriate shape of the ferrite powder. By doing so, when the thermal expansion 
coefficient of the sealing resin 28 comes close to that of the ferrite material 
comprising the coil bobbin 16, exfoliation of the seating resin caused by. e.g., thermal 
changes will be prevented. Accordingly, entry of water from the? joint portion of the 
flange 1 2 and 1 4. and the sealing resin 28 will be prevented because the sealing resin 
28 will have closer contact with the coil bobbin 16. 

In an practical example of the embodiment 2,. an appropriate mixture ratio of 
ferrite powder and a resin is. e.g. 70wt% and 30wt%- In addition, a favorable size of 
ferrite particle might be 1 to 100 fjcm. Using ball-shaped ferrite powder will also 
enable to adjust thermal expansion coefficient because thereby ferrite powder is 
allowed to have a wider dispersion. 

(3) Embodiment 3 

The embodiment 3 is an improved mode of the background art to prevent 
deterioration of water-proofness. of the sealing.resin caused by pinholes. As shown 
-by the arrow FB in FIG. 14(B), if there is a pinhole 36 in the sealing resin 28, 
wherefrom water may enter into the component. As shown in FIG. 2. in the 
embodiment 3. the sealing resin has a resin layer 50 impregnated and coated thereon. 
By doing so. caulking the pinhole 36 of the sealing resin 28 with the resin layer 50 will 
prevent water from entering into the component and improve the water-proofness 
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thereof. A favorable material for the resin layer 50 may be a material of low 
viscosity and high fluidity. The embodiment 3 will also improve formability of the 
surface of the sealing resin, 

(4) Embodiment 4 

The embodiment 4 is an improved mode of the background art to prevent 
deterioration of water-proofness of the sealing resin by mixing appropriate additives 
thereto. As shown by the arrow FC in FIG. 14(B). if ferrite powder particles 38 are 
strung out or the surface of the ferrite powder particles 38 does not have wettability 
towards the resin, water-proofness of the sealing resin will be deteriorated. 

r 

In the embodiment 4. as described in FIG. 3, a hydrophobic film 62 is formed on 
each of the surfaces of additives 60, i.e. a'^ferrite for magnetic shielding or a high 
thermal conductive material, by treating thereof with hydrophobe (micro- 
encapsulation). If the mixture ratio of ferrite to the sealing resin is increased, 
additives 60 will be strung out from the surface of a resin 64 to the coil bobbin 1 6 or 
the conductor 22 as described in FIG. 3. The embodiment 4. however, prevents the 
entry of water by the effect of the hydrophobic film 62 as shown by the arrow FC in 
FIG. 1 4(B), and is allowed to improve water-proofness thereof. 

^ In addition, if the hydrophobic film 62 having a good wettability towards the 

resin 64 is used in the embodiment 4. the hydrophobic film 62 and the resin 64 keep 
closer contact at their interface, thereby water-proofness and hydrophobicity 
thereof are improved If ferrite powder without surface treatment is used as a filler, 
it is desirable that the ferrite powder should have good wettability towards the resin. 

In an example of the embodiment 4. specific methods of surface treatment for 
providing hydrophobicity to the additives 60 may include, e.g. a hydrophobic 
treatment with the use of fluoride surfactant agent or siliconized surfactant agent. 
Specific methods to improve wettability of the additives 60 towards the resin may 
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include, e.g. silane coupling treatment or titan coupling treatment. 

(5) Embodiment 5 

Similar to the foregoing embodiment, the embodiment 5 is also an improved 
mode of the background art to provide a better reliability thereof in terms of 
water-proofness and hydrophobicity. FIG. 4 shows states of a sealing resin in the 
embodiment 5. in FIG. 4(A), when the sealing resin 70 is coated and hardening, only 
the resin portion is selectively positioned on the interface with the surface, i.e. the 
outside air. This is made possible by applying centrifugal force or external 
magnetic field when the sealing resin is hardening, to shift additives 72 towards the 
conductor 22, and a resin layer 70A results in comprising the surface part. Using a 
resin with relatively low viscosity and high fluidity is favorable. The entry of water 
into the component (See the arrow FC in FIG, 14) caused by addition of the above 
additives 72 will be desirably prevented by the resin layer 70A. 

In FIG. 4(B), the additives 72 is shifted to the surface of the sealing resin 70, 
and a resin layer 70B is formed near the. conductor 22. FIG. 4(C) is a combination 
of FIG. 4(A) and (B), wherein a resin layer 70G is formed in the center of the sealing 
resin 70. This structure is realized by. e.g. applying the foregoing centrifugal force 
or external magnetic field, and making the sealing resin 70 a multi-layer structure. 

(6) Embodiment 6 

Next, the embodiment 6 will be described. The embodiment 6 provides more 
stabilized magnetic characteristic of the sealing resin after mixing a ferrite therein 
by selecting appropriate components of a ferrite added to a resin. FIG. 5 shows a 
main manufacturing process of an inductance device in the embodiment 6. Firstly, 
a prism-shaped block 150 is to be prepared. The block 150 can be obtained by dry 
forming of, e.g. a ferrite. FIG. 6(A) shows a perspective view of the block 150, on 
each of the longer sides thereof a V-shaped (or U-shaped, concave-shaped) groove 
152 is formed. The grooves 152. wherein a lead of the conductor is connected to 



an electrode, are to protect the joint portion of a lead of the conductor with an 
electrode. 

Secondly, as shown in FIG. 5(B), the core 10 and the flanges 12 and 14 are 
formed by grinding the central part of the block 150 into a column (or a column with 
oval cross-section, rectangular cross-section, or similar shaped cross-section). 
The coil bobbin 16 is obtained by burning the ground block 150. FIG. 6(B) shows a 
perspective view of the coil bobbin 16 produced through the above process. Then, 
as described in FIG. 5(0). the first layer electrodes 18A and 20A are formed 
respectively on sides and ends of flanges 12 and 14 by dipping or similar method. 
Following this, as shown in FIG. 5(D), the conductor 22 is wound around the core 10, 
and leads 24 and 26 are connected respectively to electrodes 18A and 20A in the 
grooves 152 formed on the flanges 12 and l4 by thermo-compression molding or the 
similar method. 

Thirdly, as described in FIG. 5(E), a concave portion of the block formed 
between the flanges 1 2 and 14 is coated with the sealing resin 1 28 to seal the wound 
wire and form the resin shape. Generally, the entire block is formed so as to have a 
prism shape. Then, as shown in FIG. 5(F). the second layer of electrodes 18B and 
20B are formed on the joint portion of the electrodes 18A and 20A respectively with 
leads 24 and 26, followed by application of plates 30 and 32 respectively thereon. 
An inductance device is produced through the above process. The second layer of 
electrodes 188 and 20B would be formed if appropriate, or they can be eliminated. 

In the embodiment 6. as described in FIG. 5(P), a ferrite whose main 
ingredients are FejOj. NiO. ZnO. and CuO is used as a filler, Ferrite powder 160 is 
obtained by mixing, burning and pulverizing those ingredients as described in FIG. 
5(Q), and the sealing resin 128 is obtained by mixing the ferrite powder 160 into. e.g. 
epoxy resin 162 as shown in FIG 5(R). The sealing resin 128 is applied on a wire- 
wound portion of the block, as shown in FIG. 5(E). 
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Although a main ingredient of the ferrite material is usually Fe^O^, NiO. ZnO 
and especially CuO are mixed therein in the embodiment 6. This allows burning 
temperature to be decreased than in usual cases. Lower burning temperature 
enables to make the pulverization easier, and makes sizes of the pulverized ferrite 
particle more even. Accordingly, after mixing of those ingredients, the sealing resin 
will show more even consistency and more stabilized magnetic characteristic. As 
the result, variations of the inductance can be reduced, so that a component with 
more consistent characteristics can be obtained. 

Next, an example of the embodiment 6 will be explained. Firstly, ferrite 
powder obtained by pulverizing a compound made by mixing and burning FejOg, NiO, 
ZnO. and OuO is used as a ferrite filler. IT size of ferrite powder particles is too 
small in doing so. the expected viscosity of the filler can not be obtained without 
increasing the amount of the resin, i.e:. a bonding agent, because the surface area of 
the particles becomes too large. If the amount of the resin is increased, the 
amount of the ferrite fillcfr may relatively be decreases, which would* deteriorate 
magnetic permeability of the sealing resin and result in decrease of inductance of 
the component. To the contrary, if too large-sized ferrite povyder particles are 
used, that may cause a rough surface of the sealing resin because the shape of the 
ferrite powder particles may appear on the surface thereof. It may also cause 
decrease of applicability of the sealing resin. Taking the above points into account, 
when distribution of the ferrite powder particles ranged 1 to 100a« m and. the average 
size of the particles ranged 5 to 15/i m (10±5 // m), favorable results were obtained, 
and the sealing resin also indicated a good magnetic shielding effect. 

From another standpoint, epoxy resin, e.g. a mixture of bisphenol A and an 
anhydrous hardening, is used as a resin. With using this resin, over 70wt% of the 
ferrite powder and less than 30wt% of the resin are mixed to obtain a sealing resin. 
When the sealing resin was used to manufacture an inductor device through the 
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manufacturing process as shown in FIG. 5. inductance of the device was stabilized. 
The device also indicated a good magnetic shielding effect. 

(7) Embodiment 7 

Next, the embodiment 7 will be described. This embodiment is obtained by 
adding at least one of the additives, i.e. BijOj. SiOj and PbaO,. when mixing the above 
FcjOa, NiO. ZnO, and CuO to obtain a ferrite. Components of these additives, i.e. Bi. 
Si, and Pb. are among the particles of the main component, i.e. ferrite powder 
particles. Because of this/those components of the additives function as a buffer 
to absorb stresses exerted on the ferrite powder particles, and to allow the wire 
wound electronic component to easily resist against the outer stresses. In the way 
above mentioned, the ferrite filler has come to have the resistance against stresses, 
the sealing resin can prevent decrease of Ihe inductance without deterioration of 
the magnetic permeability thereof. The characteristic of the device will also • 
become stabilized because variations of inductance caused by internal stress inside 
the sealing resin or influence of forming pressure thereof are reduced. 

In an example of the embodiment 7. 1wt% of additives including at least one of 
the above, i.e. BizOj. SiO^. and PbgO^. is mixed with 99wt% of the mixture of FejOa. 
NiO, ZnO, and CuO in order to obtain the ferrite powder. This ferrite powder is. 
then, mixed with a resin on the mixture ratio of 70wt% to the resin. When an 
inductor device was manufactured through the manufacturing process as shown in 
FIG. 5 by using the sealing resin, the quality of the device became stabilized. 

(8) Embodiment 8 

Referring to FIG. 7 and FIG. 8. the embodiment 8 will be explained. In this 
embodiment, resins filled without and with a ferrite are used. In FIG. 7. a main 
manufacturing process of an inductor device in the embodiment 8 is described. FIG, 
7(A) - (D) show the same as described in the foregoing embodiment 6. Next, as 
shown in FIG. 7(E). an ordinary resin 154 is applied on a concave portion of the block 



between the flanges 12 and 14. It is desirable that the coating resin used in this 
process should have a small linear expansivity and a small elastic coefficient. The 
ordinary resin means a resin wherein a ferrite is not filled, and resins below, e.g., 
epoxy resin, phenol resin, unsaturated polyester resin, silicone resin, polyimide resin, 
polyamide resin, polyurethane resin, polybutylene terephthalate resin, polyphenylene 
sulfide resin, polyphenylene ether resin, polyether ketone resin, liquid crystal 
polyester resin or similar can be used. 

Next, as shown in FIG. 7(F). a ferrite-mixed resin 156 made up by mixing ferrite 
powder into the above resins. The ferrite-mixed resin 156 is formed and hardened 
along with the application thereof on the foregoing ordinary resin 154. In general, 
the entire block is formed into a prism shape, taking the mounting thereof into 
account. After the above coating, as shown in FIG. 7(G), the second layer of 
electrodes 18B and 20B are formed at the joint portion of the electrodes 18A and 
20A with leads 24 and 26. Then, as described in FIG. 7(H), the plates 30 and 32 are 
applied onto the second layer , of electrodes .18B and 200 respectively. As 
described above, an inductor device is manufactured. The second layer of 
electrodes 188 and 208 can be eliminated when appropriate. 

FIG. 8 (A) - (C) show vertical sections of the device in the main manufacturing 
process thereof. FIG. 8 (A) - (C) correspond respectively, to FIG. 7 (D) - (F). As 
shown jn these magnified drawings, the ordinary- resin 154 is first applied onto a 
conductor 22, subsequently the ferrite-mixed resin 156 is applied. In the other 
word, the sealing resin has a twoHayer structure comprising layers of the ordinary 
resin 154 and the ferrite-mixed resin 156. 

As described above, the ordinary resin 154 is formed at the inner side of the 
block. That is. the device has a structure comprising of an inner layer made of a 
softer resin and an outer layer made of a harder resin. This twoHayer structure 
allows the device to show a lower viscosity and a higher fluidity compared to the 



background art wherein only the ferrite-mixed resin is used. Accordingly, even if 
the ferrite-mixed resin 156 is applied as the most outer layer, stress will be relaxed 
by the ordinary resin 154. and there will be less number of cracks appearing in the 
coil bobbin 16. especially at the joint portion of the core 10 with the flanges 12 and 
14. The structure also enables to relax the stresses exerted on the conductor 22 
and prevent a break thereof. In addition, the structure also reduces the variations 
of inductance, and improves the reliability and productivity of the device. The 
tow— layer structure also prevents a thorough entry of water into the inner side of 
the device because a pinhole would never pass through from the surface to the 
inside thereof. 

r. 

(9) Embodiment 9 

Referring to FIG. 9, the embodiment 9 will be explained. Different from the 
foregoing embodiment 8 wherein the ordinary resin 154 is applied after the 
conductor 22 is wound around, in the embodiment 9, as shown in FIG, 9(A), the 
ordinary resin is applied on the core 10 before the conductor 22 is wound around the 
coil bobbin. Subsequently, as shown in FIG. 9(B), the conductor 22 is wound around 
over the coating of the ordinary resin 154. This process allows the ordinary resin 
154 to impregnate even into the minute cracks between the conductor 22 and the 
core 10. Afterwards, as shown in FIG. 9(G). the ferrite-mixed resin 156 is applied 

( 

over the first coating. 

The embodiment 9 provides the same effect as the embodiment 8 gives. It 
also provides advantages, e.g., that there is no direct stress from the conductor 22 
on the coil bobbin 16, and that there is no defect, e.g., a break between the adjacent 
conductors because there are other resins than sheath of wire, e.g., urethane coat, 
polyester, nylon, or similar material. 

(10) Embodiment 10 

Referring to FIG. 10. the embodiment 10 will be explained. As shown in FIG. 
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1 0 (A), the ordinary resin 1 54 is applied on the conductor 22 before winding the same 
around a coil bobbin. This process is implemented, e.g.. by dropping the ordinary 
resin 154 on the conductor along with winding of the conductor around the coil 
bobbin. After the application of the ordinary resin 154. the conductor 22 is wound 
around the core 10 as shown in FIG. 10 (B), Accordingly, as in the embodiment 9, 
this process allows the ordinary resin 154 to impregnate even into the minute cracks 
between the conductor 22 and the core 10. After the winding process, as shown in 
FIG. 10 (C). the ferrite-mixed resin 156 is applied over the coated wire. The 
embodiment 10 provides the same effect as that. of the above embodiment 9. 

In the foregoing embodiments 8 - 10, a resin containing a higher proportion of 
ferrite can be applied as an outer coatrng after the application of a resm containing 
a lower proportion of ferrite as a substitut^^ of an ordinary resin. In this case, the 
inner layer of resin may ^ have the average ferrite particle size of 5 to 20 /i m range 
and the filling ratio of 5 to 50wt%. range (a favorable ratio is from 10 to 50wt% range), 
and the outer layer of resin may have the average ferrite particle size of 5 to 20 /i 
m range and the filling ratio of 30 to 90wtX range (a favorable ratio is from 60 to 
80wt% range). 

(11) Embodiment 11 

Referring to FIG. 11, the embodiment 1 1 will be explained. In this embodiment, 
the devices shown in each of FIG. 8 - 10(B). i.e. the devices 160 whereon the 
ordinary resin 154, i.e.. a thermoplastic resin, is applied after winding of the 
conductor 22 around the core 10. are prepared. The devices 160 are placed into a 
container 164 along with magnetic powder 162. then heat and vibration are applied. 
Magnetic materials made of e;g., Mn-Zn or Ni-Zn are used as the magnetic powder 
162. The particle size thereof may range, e.g. 0.1 to 100 m One of the 
application methods of heat and vibration is the application of ultrasonic, i.e.. 
application of heat by a far-infrared lamp along with application of ultrasonic 
vibration. The application of heat and vibration in the above method will allow even 
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adherence of the magnetic powder 162 onto the resin surface of the device 160 by 
adhesive effect of a thermoplastic resin. The application method will also allow 
inductance to be stabilized because no external stress is exerted thereon, 

(12) Embodiment 12 

Referring to FIG. 1 2. the embodiment 1 2 will be explained. In the embodiment 
12, an ordinary resin 170 is applied along the surface of the concave portion of the 
coil bobbin 16. i.e. the core 10 whereon the conductor 22 is wound and the flanges 12 
and 14. Subsequently, a ferrite~mixed resin 172 is applied outside of the ordinary 
resin 170. so that the application of the ferrite-mixed resin 172 caulks the concave 
portion so as to make the entire surface smooth. In the embodiment 12, the 
ordinary resin 170 is positioned between the outer ferrite-mixed resin 172 and the 
line made up of the core 10 and the flange^s 12 and 14. Accordingly, the ferrite- 
mixed resin 172 does not have a direct contact with the core 10 and the flanges 12 
and 14. and the ordinary resin 170 act as a buffer, so that the compression stress 
and the tensile stress exerted on the coil bobbin 16 are relaxed. As described 
above, also in the embodiment 12. the stresses exerted by the outer sheath is 
reduced, and the number of cracks generating in the coil bobbin 16 is also reduced. 

(13) Embodiment 13 

Referring to FIG. 13, the embodiment 13 will be described. While all of the 
foregoing embodiments provide the outer sheath part having a two-layer structure, 
the following embodiments provide the outer sheath part having a one-layer 
structure. In the embodiment 13. a stress relaxation agent 184 is added as well as 
a sealing material 180 and ferrite powder for magnetic shielding 182. Specifically, 
for decreasing the elasticity coefficient the stress relaxation agent 184 is added to 
a thermosetting resin, e.g. epoxy resin, phenol resin, copolymer resin or similar resin, 
wherein ferrite powder is filled. Silicone resin, acrylonitrilebutadiene rubber, silicon 
oxide, lead oxide (plumbous oxide) . bismuth oxide or similar material are used as the 
stress relaxation agent 184. When powder of silicone resin is used, the average 
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particle size may range from 1 to 15/im. and the mixture ratio thereof shall range 
from 15 to 30 wt%. Adding silicone resin allows the elasticity coefficient of the 
entire ferrite-mixed resin to be lowered, thereby the stress exerted on a coil bobbin 
will be reduced when the resin is hardening. 

When using silicon oxide, lead oxide, and bismuth oxide, at least one of them 
may be added on the ratio of 1wt% to the amount weight. Those additives unevenly 
precipitated -among the ferrite powder particles allow stresses to be relaxed. 

Although a stress relaxation agent is added to the most outer sheathing resin 
in the foregoing embodiments, it can also be added to the compound of the coil 
bobbin or the both of the most outer sheathing resin and the coil bobbin. 

(14) Embodiment 14 

Next, the embodiment 14 will be explained. In this embodiment, the ferrite 
powder having a large distribution of particle is used as an additive to the most outer 
sheathing resin. For example, the ferrite powder having the particle distribution of 
5 to 20 range, the smallest size thereof is 1 m or smaller, the largest size 

thereof is 100/i m or over, is used. In this example, because fine-particles in the 
ferrite powder move when the resin is hardening, the stress is relaxed. In addition, 
because the ferrite powder has a good wettability towards the resin material, 
waterproofness thereof will be improved. 

As stated above, the present invention has various unprecedented advantages, 
as enumerated below: 

(1) A high thermal conductive materials are added to- a sealing resin. Accordingly, 
heat radiation and reliability of a wire wound component is improved. Especially 
when metallic powders are used, inconveniences caused by static electricity is 
reduced. 

(2) Thermal expansion coefficient of a coil bobbin and that of a sealing resin are 
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appropriately adjusted. The coil bobbin can therefore have much closer contact with 
the sealing resin. By having a multilayer structure in forming a resin layer and 
surface treatment of the additives placed into the resin to have hydrophobicity and 
wettability, reliability of the wire wound component is improved in terms of 
waterproofness and hydrophobicity. 

(3) Ferrite powder, main components thereof are FejO,, NiO. ZnO. and CuO. is used 
as a filler to the sealing resin. Accordingly, temperature in burning the filler can be 
lowered. Because of the above statement, the size of the ferrite powder particles 
become more even as well as pulverization of the ferrite powder can be easily 
implemented, and productivity of the sealing resin is improved because the quality of 
the sealing resin become more stabilized and wire wound components with even 
characteristics are easily obtained. 

(4) At least one of the below additives, i.e. Bf^muth oxide (BizOg), silicon oxide (SiOjX 
and lead oxide (Pb304). is added to a ferrite. Accordingly, characteristic of the 
ferrite is more stabilized because resistance against stress is improved and 
variations of magnetic permeability are reduced, 

(5) A sealing resin has a multi-layer structure comprising of an ordinary resin and a 
ferrite-mixed resin, or comprising of a resin containing a lower proportion of ferrite 
and a resin containing higher proportion of ferrite. Therefore, stress exerted on the 
sealing resin is desirably relaxed, and a coil bobbin and a conductor can be protected. 
Variations of inductance caused by changes of stress is also reduced, and wire 
wound electronic components with even characteristic can be efficiently produced. 
In addition, reliability of the wire wound electronic component is improved because 
influence attributed to a pinhole is prevented, 

(6) Relaxation materials are added to a sealing material, or ferrite powder with large 
distribution of particle is filled into the sealing material. Therefore, stresses 
exerted on the sealing material are also relaxed as in the foregoing cases, and a wire 
v^ound electronic component having an excellent reliability which is appropriate for 
mass production can be provided. 
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Various modifications will become possible for those skilled in the art after 
receiving the teachings of the present disclosure without departing from the scope 
thereof. 

(1) A structure of a wire wound electronic component, shown in FIG. 5 is just a 
specific configuration. The present invention is similarly applicable, to wire wound 
electronic components, having various structures. For example, the present 
invention is similarly applicable to a wire wound component with a vertical structure 
as disclosed in Japanese Patent Laid-Open Publication No.4-338613. The present 
invention is also applicable to a wire wound component such as a common mode 
choke coil, the core thereof, is wound with a wire by bifilar winding, or similar wire 
wound electronic component. 

(2) Materials and conditions stated above arh also just specific examples and are not 
restrictive. Combinations of the above stated embodiments are also applicable to a 
wire wound electronic component. 

(3) Inorganic fillers can be added to a ferrite. For example, at least one of the 
additives below, i.e. SiOj. AljOj. and AIN. can be added to the ferrite. These 
additives can provide the advantages below, i.e. reduction of internal stresses inside 
a sealing resin, improvement of heat radiation, improvement of mechanical strength 
or similar advantage, and are favorable for stabilization of characteristic of an 
inductor device. In addition, mixture of MnOj in the process of manufacturing a 
ferrite can improve the magnetic permeability, and mixture of CoO can control 
thermal characteristics and loss Q (quality factor) of the inductor device. 



Some particular aspects of the invention are highlighted 
in the following paragraphs: 

A. In a wire wound electronic component, a conductor 
wound around a coil thereof is sealed by a resin, 
comprising powder of high thermal conductive materials 
added in the above resin. 

B. A part according to paragraph A, wherein the above 
high themnal conductive material includes at least either 
of a metallic material or an inorganic material. 

C. A part according to paragraph A, wherein ferrites 
for magnetic shielding is added to the above resin. 

D. A part according to paragraph C, wherein the thermal 
expansion coefficient of a sealing resin is adjusted to 
provide measurements close to the thermal expansion 
coefficient of a coil bobbin by using the above ferrites. 

E. In a wire wound electronic component, a conductor 
wound around a coil thereof is sealed by a resin 
including additives, comprising a surface of the above 
additives treated to have hydrophobicity - 



F. A part according to paragraph E, wherein surfaces of 
the above additives are treated, taking the wettability 
thereof towards a resin into consideration. 

G. In a wire wound electronic component^ a conductor 
wound around a coil thereof is sealed by a sealing resin, 
comprising the above sealing resin having a multilayer 
structure comprising of an ordinary resin and a ferrite- 
mixed resin. 

H. A part according to peiragraph G, wherein an ordinary 
resin is applied after the above conductor is wound 
around, subsequently a ferrite-mixed resin is applied for 
sealing. 

I. A part according to paragraph G, wherein the above 
conductor is wound around a core thereof after 
application of an ordinary resin to the above core, 
subsequently a f errite-mixed resin is applied for 
sealing. 

J. A part according to paragraph G, wherein the above 
conductor is wound around the above core along with 
application of an ordinary resin to the above conductor, 
subsequently a f errite-mixed resin is applied for 



sealing • 



K- A part according to paragraph G, wherein an ordinary 
resin is applied inside the above coil bobbin to cover 
the same, subsequently the above coil bobbin is sealed by 
application of a f errite-mixed resin. 

L. A part according to paragraph wherein a resin 
containing a lower proportion of ferrite is used as a 
substitute of the above ordinary resin, and a resin 
containing a higher proportion of ferrite is used as a 
substitute of the above f errite-mixed resin. 

M. A wire wound electronic component comprising a 
relaxation material added to at least one of a coil 
bobbin and a sealing resin - 

N. A method of producing a wire wound electronic 
component, comprising the steps of: 

winding a conductor around a core of a coil bobbin; 
application of a thermoplastic resin to the said core 
after winding of the said conductor; 

placing the said core device obtained after application 
of a sealing resin into magnetic powder, followed by 
application of heat and vibration thereon. 



O- A filling material for a sealing resin of a wire 
wound electronic component comprising a mixture, main 
components thereof are FejO,, NiO^ ZnO, and CuO, produced 
by pulverization thereof after burning thereof. 

P. A material according to paragraph wherein 
P^^ticle size of the said pulverized mixture ranges from 
1 to lOOAon. 

Q- A material according to paragraph O or wherein 
the average particle size of the said pulverized mixture 
ranges from 5 to 15/zm. 

R. A material according to any one of paragraphs O to 
Q, wherein at least one of the bismuth oxide, i silicon 
oxide, and lead oxide is added. 



S. A material according to any one of paragraphs O to 
R, wherein at least one of manganese oxide and cobalt 
oxide is included. 

T. A wire wound component substantially as described 
herein with reference to any of the accompanying 
drawings. 



U- A method of producing a component, substantially as 
described herein. 

V. A filling material for an electrical component, 
substantially as described herein. 
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CLAIMS 

1. A filler material for a resin seal for a wire wound 
electronic component comprising powder produced by 
burning then pulverising a mixture comprising FejOa, NiO, 
2nO and CuO. 

2- A filler material according to claim 1, wherein the 
particle size of the powder ranges from l//m to 100/im. 

3. A filler material according to claim 2, wherein the 
particle size of the powder ranges from 5)um to iSjum, 



4. A filler material according to any of clajLms 1 to 3, 
15 further comprising a relaxation material. 

5. A filler material according to claim A, wherein the 
relaxation material comprises at least one of bismuth 
oxide, silicon oxide and lead oxide. 

20 

6. A filler material according to any of claims 1 to 5, 
further comprising at least one of manganese oxide and 
cobalt oxide. 

25 7. A filler material according to any of claims 1 to 6, 
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further comprising an inorganic powder of high thermal 
conductivity . 

8. A filler material according to claim 1 , wherein the 
powder of high thermal conductivity comprises at least 
one of AI2O3, AlN and SiOj . 

9. A filler material according to any of claims 1 to 8, 
further comprising a metal powder. 

10. A wire wound electronic component, comprising: 
a conductor wound around a core; and 

a resin seal comprising a filler material comprising 
powder produced by burning then pulverising a mixture 
comprising FE2O3, NiO, ZnO and CuO. 
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